Importance of Vaccinations {#Sec1}
==========================

HIV-infected persons are at an increased risk for a wide variety of infections. For example, HIV-infected persons have a markedly higher risk and severity of pneumonia from pneumococcal disease and influenza \[[@CR1]\]. Similarly, salmonellosis causing typhoid fever occurs at higher rates in exposed HIV-infected persons \[[@CR2]\]. Acquisition of hepatitis B virus (HBV) and human papillomavirus (HPV) infections are common in this population given their shared routes of transmission, and HIV-infected persons are at risk for more rapid progression to significant liver disease (cirrhosis, hepatocellular carcinoma) and genital (cervical and anal cancers), respectively, compared with HIV-uninfected persons \[[@CR3]--[@CR5]\]. Strategies for reducing the risk of concurrent infectious diseases among HIV-infected persons include receipt of antiretroviral therapy to enhance immune protective responses; behavioral modifications (e.g., smoking cessation to reduce pneumococcal and influenza pneumonia, safe sex to reduce HBV and HPV, etc.); prophylactic antibiotics depending on the CD4 cell count and geographic location; and vaccination. As such, vaccination is a key component to ensure the health of all persons living with HIV by preventing infectious complications. Since HIV-infected patients who are born in other countries may have had incomplete or varying vaccinations, special attention should be given to ensure all vaccines (including those generally given in childhood) are up to date. This review, part I of a two-part series (doi:10.1007/s40121-017-0165-y), will highlight the importance of vaccination as a critical preventive strategy among HIV-infected adults and provide a summary of the current evidence-based recommendations.

Overview of Vaccine Recommendations {#Sec2}
===================================

Vaccine recommendations for HIV-infected adults have been published by various advisory groups including the World Health Organization (WHO) \[[@CR6], [@CR7]\], British HIV Association (BHIVA) \[[@CR8]\], and US-based groups such as the US Centers for Disease Control and Prevention (CDC) and the Advisory Committee on Immunization Practices (ACIP) \[[@CR9]--[@CR11]\]. Additionally, the European AIDS Clinical Society (EACS) \[[@CR12]\] and The HIV Medicine Association of the Infectious Diseases Society of America (HIVMA) \[[@CR13]\] contain specific recommendations for vaccinating HIV-infected persons. Specific countries (e.g., France) also have published guidance on vaccinating HIV-infected adults \[[@CR14]\]. While the WHO had previously issued specific vaccination guidelines for HIV-infected adults \[[@CR6]\], more recently guidance has been based on standard vaccinations recommended by the national immunization schedules with specific sections containing guidance for HIV-infected persons \[[@CR7]\].

The BHIVA guidelines were published in 2015 \[[@CR8]\], while the EACS guidelines were published in 2017 \[[@CR12]\] and French guidelines in 2016 \[[@CR14]\]. US guidelines specifically for HIV-infected persons were published in 2013 \[[@CR10], [@CR13]\], and national guidelines (which include guidance for HIV-infected persons) are published annually, including in 2017 \[[@CR9]\]. Additionally, there are country-specific immunization guidelines that include recommendations for HIV-infected persons, and readers are encouraged to refer to national or local guidance in their geographic region regarding best vaccine practices.

While vaccine guidelines for HIV-infected adults are often similar to those for HIV-uninfected persons, there are important differences as HIV can affect both the efficacy and safety of vaccines. For example, the recommended dosage, number, and timing of specific vaccines may differ by HIV status, and some vaccines (e.g., live) are contraindicated among HIV-infected persons with specific clinical and laboratory characteristics (e.g., symptomatic disease, CD4 count \<200 cells/mm^3^).

This overview will provide summary data regarding vaccinations for the HIV-infected adult from the major advisory groups (WHO, BHIVA, CDC/ACIP) \[[@CR6]--[@CR10]\] and include recommendations from other organizations \[[@CR12], [@CR14]\]. While the published guidelines are overall similar in many of their recommendations, there are notable differences. Some of these differences are related to the paucity of, or conflicting, efficacy data regarding specific vaccines among HIV-infected adults in various geographic areas. Additionally, there may be competing health priorities as well as differing local epidemiologic disease trends within specific countries and regions. This review provides overall vaccine recommendations by various advisory groups with differences in guidelines concisely summarized in Tables [1](#Tab1){ref-type="table"}, [2](#Tab2){ref-type="table"}, [3](#Tab3){ref-type="table"}. Although this article includes current recommendations, changes are anticipated over time given the evolving epidemiology of the causative pathogens and surveillance data, emerging vaccine-related effectiveness data, and the development of newly approved vaccines.Table 1Summary of advisory group recommendations for inactivated vaccines with broad indications for HIV-infected adultsVaccineWHO \[[@CR6], [@CR7]\]UK \[[@CR8]\]Europe \[[@CR12]\]France \[[@CR14]\]US \[[@CR9]--[@CR11], [@CR13]\]InfluenzaRecommended for all patients, especially among pregnant women: yearlyRecommended for all patients: yearly\
Inactivated vaccine (quadrivalent preferred if available)\
Preference for administration between September and early NovemberRecommended for all patients: yearlyRecommended for all patients: yearly\
Inactivated vaccineRecommended for all patients: yearly\
Inactivated vaccinePneumococcalNot recommended in resource-limited settingsRecommended for all patients. Use PCV-13 (one dose) regardless of HIV control.\
PPV recommended only for those with additional risk factors which include:\
·Age \>65 years old\
·Younger adults with concurrent comorbidity (e.g., asplenia) based on national program recommendations\
Dosed as 1 dose of PPV-23 with PPV-23 given ≥3 months after PCV-13\
No repeat doses of PPV-23 or PCV-13 are advisedRecommended for all patients. Use PCV-13 (one dose)\
No repeat dosing advisedRecommended for all patients. Use PCV-13 and PPV-23\
Previously unvaccinated: 1 dose of PCV-13 followed by PPV-23 at ≥2 months later\
Previously vaccinated with PPV-23: 1 dose of PCV-13 at ≥3 years followed 2 months later with 1 dose of PPV-23Recommended for all patients. Use PCV-13 and PPV-23\
Previously unvaccinated: 1 dose of PCV-13 followed by 1 dose of PPV-23 at ≥8 weeks later (preferably when CD4 count ≥200 cells/mm^3^). Repeat PPV-23 dose 5 years later\
Previously vaccinated with PPV-23, give PCV-13 at ≥1 year later followed by PPV-23 at 5 years laterHepatitis BSee Table [2](#Tab2){ref-type="table"}Tetanus, diphtheria, pertussisRecommended similar to the general population\
High-priority groups include:\
·IV-drug users in areas without needle exchangeprograms: vaccinate with TT or Td\
·Pregnant women (2nd or 3rd trimester): 1 dose of Tdap during every pregnancy\
·Healthcare workers (especially those in contact with infants): priority group for pertussis vaccinationRecommended for all patients. Give Td\
Booster doses every 10 years if at risk of exposure; if \>50 years old, booster every 5 years\
Pertussis vaccination recommended for those with the following risk factors:\
·Pregnant women (28--32 weeks): 1 dose of dTap/IPV (Boostrix^®^-IPV) every pregnancy\
·During an outbreakNo recommendationsRecommended similar to the general population\
dTP booster every 10 yearsRecommended for all patients. Give Td\
Booster with Td every 10 years\
If never received Tdap, substitute Tdap for Td for one dose (Boostrix^®^ or Adacel^®^)\
Pertussis vaccination recommended for those with the following risk factors:\
·Pregnant women (27--36 weeks): 1 dose of Tdap for every pregnancy\
·Anticipated close contact with infant aged \<12 months: 1 dose of Tdap Table 2Summary of advisory group recommendations for hepatitis B virus vaccination in HIV-infected adultsWHO \[[@CR6], [@CR7], [@CR87]\]UK \[[@CR8]\]Europe \[[@CR12]\]France \[[@CR14]\]US \[[@CR9]--[@CR11], [@CR13]\]Non-immune (anti-HBs \<10 mIU/ml)Vaccination recommended\
CD4 count \>500 cells/mm^3^: 20 mcg dose at 0, 1, 6 months or 0, 1, 2, and 12 months\
CD4 count 200--500 cells/mm^3^: 20 mcg dose at 0, 1, 2, and 12 months\
CD4 count \<200 cells/mm^3^: defer until ART initiated and CD4 count \>200 cells/mm^3^Vaccination recommended\
HBV vaccine\* given in 4 vaccine doses at 0, 1, 2, and 6 months\
Ultra-rapid vaccination course (3 standard doses of 20 mcg given over 3 weeks) considered in selected patients with CD4 count \>500 cells/mm^3^Vaccination recommended\
Specific guidance not providedVaccination recommended\
High dose (40 mcg) given as 4 vaccine series at 0, 1, 2, and 6 monthsVaccination recommended\
Engerix-B^®^ 20 mcg or Recombivax HB^®^ 10 mcg as 3 dose series at 0, 1, and 6 months\
OR\
Engerix-B^®^ 40 mcg or Recombivax HB^®^ 20 mcg as 4 dose series at 0, 1, 2, and 6 monthsIsolated hepatitis B core antibody (anti-HBc)No recommendationsOne HBV vaccine\* followed by anti-HBs testing 2 weeks later and completion of series if anti-HBs \<10 mIU/ml with 3 additional HBV vaccine\* doses at 1, 2, and 6 monthsVaccination not recommendedOne standard dose (20 mcg) followed by anti-HB testing. If no response and no detectable HBV DNA, then 3 doses of high-dose (40 mcg) vaccineHBV DNA testing and if no evidence of chronic infection, give vaccine seriesSerologic testing after primary series4--8 weeks4--8 weeksNo recommendations4--8 weeks4 weeksNon-responders (anti-HBs \<10 mIU/ml) after primary seriesBooster doses or new vaccination course with 40 mcg dose at 0, 1, 2, and 6--12 monthsHBV vaccine\* in 3 dose series given at 0, 1, and 2 months (Fendrix^®^ preferred)40 mcg dose at 3--4 time points (0, 1, 6, and 12 months)40 mcg dose every 1--2 months with anti-HBs testing 4--8 weeks after each injection. Continue with high dose until a protective titer is achieved (maximum of total 6 doses)Engerix-B^®^ 40 mcg or Recombivax HB^®^ at 0, 1, 2, and 6 months. Consider administration after a sustained increase in CD4 count on ARTIf anti-HBs ≥10 but \<100 mIU/ml after primary seriesNo recommendationsOne booster of HBV vaccine\*No recommendationsNo recommendationsNo recommendationsPeriodic testing for respondersYearly testing and if anti-HBs \<10 mIU/ml, booster doses givenYearly testing of anti-HBs with longer intervals (i.e., 2--4 years) if initial anti-HBs \>100 mIU/ml, CD4 count \>350 cells/mm^3^, and viral load suppression on ART\
If anti-HBs \<10 mIU/ml: One booster of HBV vaccine\*No recommendationsYearly testing and if anti-HBs \<10 mIU/ml, one booster doseNo recommendations\* HBV vaccine in UK = Engerix B^®^ 40 mcg, HBVaxPRO^®^ 40 mcg, or adjuvanted Fendrix^®^ 20 mcg Table 3Summary of advisory group recommendations for inactivated vaccines targeting HIV-infected adults with additional risk factors or specific age groupsVaccineWHO \[[@CR6], [@CR7]\]UK \[[@CR8]\]Europe \[[@CR12]\]France \[[@CR14]\]US \[[@CR9]--[@CR11], [@CR13]\]Hepatitis ARecommended among those with the following risk factors:\
·Chronic liver disease\
(including HBV or HCV)\
·MSM\
·Drug users\
·Clotting-factor disorders\
·Occupational exposure risk\
·Travel risk\
2 doses of inactivated vaccine at 0 and 6--12 months for those with risk factors\
No guidance on booster dosesRecommended for non-immune persons with the following risk factors:\
·Household and sexual contacts of infected persons\
·Travel risk\
·MSM\
·Drug users (IV and non-IV)\
·Outbreak risk\
·Occupational exposure risk\
·Hemophilia\
·Living in residential institutions and their caretakers\
CD4 count \>350 cells/mm^3^: 2 doses at 0 and 6 months\
CD4 count \<350 cells/mm^3^: 3 doses at 0, 1, and 6 months\
Booster (single dose) every 10 years if continued riskRecommended for non-immune persons with the following risk factors:\
·Travel risk\
·MSM\
·IV drug users\
·Active hepatitis B or C infection\
No guidance on booster dosesRecommended for non-immune persons with following risk factors:\
·Chronic liver disease\
·Hepatitis B and/or C co-infection\
·MSM\
·IV drug users\
·Travel risk\
2 doses at 0 and 6--12 months\
If post-series titer \<20 mIU/ml, then administer 3rd dose\
No guidance on booster dosesRecommended for non-immune persons with risk factors:\
·Chronic liver disease\
·Hepatitis B and/or C co-infection\
·Drug users (IV and non-IV)\
·MSM\
·Occupational exposure risk\
·Travel risk\
·Receipt of clotting factor concentrates\
2 doses of Havrix^®^ at 0, 6--12 months or Vaqta^®^ at 0 and 6--18 months\
Check IgG antibody response at 1 month post-vaccination and, if negative, revaccinate. Non-responders revaccinated when CD4 count \>200 cells/mm^3^\
No guidance on booster dosesHuman papillomavirusRecommended for young females (9--13 years of age) and if resources allow vaccination of older adolescent and young females\
3 doses at 0, 1--2, and 6 monthsRecommended for the following:\
·Males aged 9--26 years old\
·MSM ≤40 years old\
·Females ≤40 years old\
·History of high-grade HPV disease\
3 doses at 0, 1--2, and 6 months\
Gardasil-9^®^ preferred (if available)No recommendationsRecommended for the following:\
·Females and males aged 11--19 years old\
·MSM ≤26 years\
3 doses (quadrivalent for males) at 0, 2, and 6 monthsRecommended for females and males 9--26 years old\
3 doses at 0, 1--2, and 6 months\
Gardasil-4^®^ or -9^®^ vaccineMeningococcalRecommended for those with advanced HIV infection or those with following risk factors:\
·Asplenia or complement deficiencies\
·Laboratory workers\
·Travelers\
·Residing in closed communities (e.g., military camps)\
Conjugate vaccine preferred with serogroup coverage based on locally prevalent serogroup(s)Recommended for those with following risk factors:\
·Aged \<25 years and not previously vaccinated/have uncertain vaccination history, or received last MenC vaccine \<10 years old: MenACWY and possibly MenB\
·Asplenia or complement deficiencies: MenACWY and MenB\
·Travel exposure: MenACWY\
·Outbreak exposure: vaccine based on serogroup causing outbreak\
MenACWY is given as 2 doses administered 2 months apart\
MenACWY booster every 5 years if risk remainsVaccinate based on general population guidelines\
Conjugate vaccine (2 doses, 1-2 months apart) with booster every 5 years if exposure continuesRecommended for those with following risk factors:\
·Aged ≤24 years old: 2 doses of MenC given 6 months apart\
·MSM and \>24 years old: 1 dose of MenC\
·Asplenia or complement component or properdin deficiency: MenACWY and MenB\
·Travel exposure: MenACWY\
·Outbreak exposure: based on serogroup of outbreak\
MenACWY is given as 2 doses administered 6 months apartRecommended for all HIV-infected persons\
2 doses of MenACWY given ≥2 months apart and booster given every 5 years\
No specific recommendation for MenB among HIV-infected adults without additional risk factors

Most vaccines can be administered at or shortly after HIV diagnosis especially among early diagnosed persons. However, in cases of late diagnoses with low CD4 counts, postponing vaccination may be advised until antiretroviral therapy (ART) is initiated and immune reconstitution is achieved; further details will be discussed for each vaccine below. The timing of vaccination should be contextualized for each individual HIV-positive person balancing the risks of potential exposures with improved vaccine responses post-ART initiation. There are no clear data for the upper limit on the number of vaccines that can be administered at one visit, however practical limitations should be considered including the number of desirable anatomic sites to administer vaccines and patient comfort considerations. Additionally, live vaccines should be administered on the same day or separated by at least 28 days.

Vaccines will be categorized into inactivated vaccines with broad indications \[influenza, pneumococcal, HBV, and tetanus-diphtheria (Td)/tetanus-diphtheria-pertussis (Tdap)\] followed by vaccines targeted among those with additional risk factors or specific age groups \[hepatitis A virus (HAV), HPV, and meningococcal\]. These vaccines will be reviewed in the current article, which is part I of the two-part series. Additional vaccines will be covered in part II of the series, including live vaccines \[varicella, zoster, and measles-mumps-rubella (MMR)\], as these may be considered among at-risk, non-pregnant, HIV-infected persons who are clinically stable with low level immunosuppression (CD4 count ≥200 cells/mm^3^). Travel-related vaccines \[polio, typhoid, yellow fever, rabies, Japanese encephalitis virus (JEV), cholera, and tick-borne encephalitis (TBE)\], vaccines to protect against specific occupational or exposure risks (anthrax, smallpox), and additional vaccines \[*Hemophilus influenzae* serotype b (Hib) and Bacille Calmette-Guerin (BCG)\] will also be reviewed in part II of the series.

For each vaccine, the importance of each infectious agent in the context of HIV infection will be briefly described followed by the current recommendations (WHO, BHIVA, EACS, French, and US guidelines, respectively). Data regarding post-vaccination immune responses and durability in the HIV-infected adult as well as safety data will be provided. This article represents a review article, is based on previously conducted studies, and does not involve any new studies of human or animal subjects performed by either of the authors.

Inactivated Vaccines with Overall Broad Indications {#Sec3}
===================================================

Influenza {#Sec4}
---------

HIV-infected adults have an elevated risk of severe infections and complications from influenza and hence are considered a key target population for vaccination \[[@CR15]--[@CR21]\]. Further, HIV-infected pregnant women are at particular risk for severe disease and represent an important group for targeted vaccination. Although ART is associated with a reduction in hospitalizations due to influenza, HIV-infected adults remain at higher risk than the general population; hence, vaccination is advocated to reduce influenza infections and related complications \[[@CR17]\]. All major advisory groups recommend HIV-infected adults receive annual influenza vaccination regardless of CD4 count \[[@CR8]--[@CR14]\] (Table [1](#Tab1){ref-type="table"}).

There are two overall types of influenza vaccines, a live attenuated influenza vaccine (LAIV) and an inactivated influenza vaccine (IIV). The LAIV is administered as a nasal spray, but is generally avoided among HIV-infected adults because of the theoretical risk of prolonged viral shedding and/or disease acquisition in the setting of underlying immunosuppression; however, this concern has not been clearly demonstrated \[[@CR22]--[@CR24]\]. Hence, guidelines recommend using the inactivated vaccine (IIV), which is typically administered by intramuscular injection. There are two main types of inactivated vaccines, which can be categorized into trivalent (containing two A viruses and one B virus) and quadrivalent (containing an additional B virus) forms.

The WHO recommends influenza vaccination to be determined by national capacity and resources, with pregnant women having the highest priority followed by additional risk groups including those with specific chronic medical conditions such as HIV \[[@CR7]\].

The BHIVA recommends using IIV and suggests using the quadrivalent form if available to provide the maximal anti-influenza virus coverage \[[@CR8]\]. The EACS simply recommends an annual influenza vaccine and cites the BHIVA for further guidance \[[@CR12]\]. The French guidelines recommend IIV, but also note that LAIV may be considered if the CD4 count is \>200 cells/mm^3^ \[[@CR14]\].

In the US, the IIV is recommended for annual administration. LAIV is contraindicated since it is a live vaccine, and there is an inactivated vaccine (i.e., IIV) available. Further, the lack of efficacy of LAIV among the US general population during recent seasons has resulted in this vaccine not currently being recommended for any population group \[[@CR9]\]. US guidelines do not indicate a preference for the specific type of IIV among HIV-infected persons \[[@CR9]\].

In addition to the standard-dose inactivated vaccine, a high-dose vaccine (containing four times the hemagglutinin antigenic content, Fluzone^®^ high-dose) is available in the US (where it is approved for persons ≥65 years of age) and other geographic locations including Canada. This vaccine elicits improved antibody responses and greater effectiveness at protecting against influenza in select groups, and it has been shown to be cost-effective and prevent more deaths compared with the standard-dosed vaccine among the elderly \[[@CR25]--[@CR27]\]. Currently, the vaccine does not have a specific indication for younger HIV-infected adults in any of the guidelines.

The efficacy of influenza vaccination among HIV-infected persons is reduced compared with HIV-uninfected persons \[[@CR28]--[@CR32]\]. Poorer responses among HIV-infected persons may partly be attributed to reduced CD4 counts and HIV viremia \[[@CR29]\]. However, studies among patients with well-controlled HIV have demonstrated poorer post-vaccination responses versus HIV-uninfected persons \[[@CR28]\] suggesting that additional HIV-related factors, including heightened immune activation and inhibition of B cell and cytotoxic T-cell immune responses, may be responsible \[[@CR29], [@CR33], [@CR34]\]. Additionally, HIV appears to worsen age-associated deficits of immune responses post-influenza vaccination \[[@CR33]\]. A recent meta-analysis incorporating findings from several studies (i.e., three randomized-controlled trials and three cohort studies, *n* = 1562) confirmed that vaccination among HIV-infected adults reduces laboratory-confirmed influenza with a pooled efficacy of 85% (95% CI 22--97%); however, there were wide variations between the study results, and vaccination did not show a benefit for secondary outcomes \[e.g., influenza-like illness (ILI)\] \[[@CR35]\]. A randomized trial among HIV-infected pregnant women noted a vaccine efficacy of 58% \[[@CR36]\].

Given these data \[[@CR28], [@CR29], [@CR37]\], improving the immune responses generated after influenza vaccination is of clinical interest. In one study, the administration of a second dose of influenza vaccine (this study utilized the H1N1 influenza vaccine) significantly increased seroprotective responses (from 68% to 92% after the second dose); however, the study utilized an adjuvant plus vaccine \[[@CR38]\]. Current guidelines do not recommend additional doses of influenza vaccination during the same season. Another potential strategy is the utilization of vaccines with higher antigen content. The use of a high-dose vaccine (Fluzone^®,^ which contains 60 mcg of antigen per strain vs. 15 mcg) was evaluated among 190 HIV-infected adults. In this study, seroprotection rates were greater in the high-dose group for H1N1 (96% vs. 87%, *p* = 0.03) and influenza B (91% vs. 80%, *p* = 0.03) and similar for H3N2 (96% vs. 92%, *p* = 0.30) strains \[[@CR39]\]. However, a more recent, smaller study of HIV-infected children and young adults did not show improved antibody responses with high-dose vaccination \[[@CR40]\]. Intradermal vaccines have been studied, and although they allow for the use of smaller antigenic doses, they do not appear to elicit greater immune responses and may be associated with more local and systemic side effects \[[@CR41], [@CR42]\]. Finally, the use of adjuvanted vaccines (e.g., with AS03^®^ or MF59^®^ adjuvants) have generally produced greater immune responses post-vaccination \[[@CR38], [@CR43]--[@CR45]\]. An adjuvanted vaccine is now available in the US (Fluad™) and is targeted for persons ≥65 years, but has not been studied or approved specifically for HIV-infected adults. Although the aforementioned studies suggest the potential for improvement in antibody responses using these alternate vaccine approaches, studies have been limited and have not evaluated effectiveness in preventing clinical influenza; hence, none of these strategies are currently recommended by guidelines \[[@CR7]--[@CR12]\].

Some health care providers have wondered if HIV-infected persons should be preferentially vaccinated later in influenza season because of concerns regarding possible reduced durability of protection. Vaccination generally elicits immune protection 2 weeks after vaccination, but the duration of protection has been questioned. A recent study among the general population found waning of effectiveness over time with \~7% loss of efficacy per month, although most recipients remained protected during the influenza season (October--April in the Northern hemisphere) post-vaccination \[[@CR46]\]. Among immunocompromised hosts, however, durability may be shortened given lower post-vaccination antibody responses \[[@CR47]\]. A retrospective study among HIV-infected persons in the US showed that those who received influenza vaccine early in the season were more likely to develop influenza or an ILI than those vaccinated later in the season (i.e., after 15 November) \[[@CR48]\]. Additional data from Canada also suggest that waiting later (mid-November to early December) \[[@CR49]\] is preferred. As such, the BHIVA recommends vaccine administration between September and early November \[[@CR8]\], while US guidelines do not advocate for a specific timeframe for influenza vaccination among HIV-infected adults \[[@CR9], [@CR10], [@CR13]\]. Vaccination can continue until March \[[@CR8]\] and until community influenza activity has ended. Of note, defining narrow windows for vaccination must be weighed against the possibility of influenza occurring early in the season and missed vaccination opportunities.

Despite challenges in the efficacy and durability of influenza vaccination, guidelines recommend the use of the influenza vaccine since it provides some level of protection and reduces severe complications \[[@CR17]\]. Despite these recommendations, vaccine coverage remains suboptimal among HIV-infected adults in many locations including the US (average 38% coverage, range 26--50%) \[[@CR50]\]; therefore, targeted efforts for optimizing vaccine rates are advocated.

Influenza vaccination has been shown to be safe overall with local reactions being the most common reaction. Pregnant women can receive the inactivated vaccines with studies demonstrating safety in this group \[[@CR36]\]. No long-term negative effects on CD4 counts, HIV RNA levels, or progression to AIDS or death have been noted \[[@CR51]\]. Persons with mild egg allergies (only hives without other allergic symptoms) may receive the inactivated vaccine per the US CDC guidelines \[[@CR9]\]. A recombinant vaccine (not made using eggs or egg proteins, FluBlok^®^) is also available in some countries (e.g., US, Mexico) for those with more severe forms of egg allergy \[[@CR9]\]. For those with an allergy to the vaccine itself or with a history of severe reactions (e.g., Guillain-Barré syndrome), vaccination should be avoided unless deemed safe by an expert in this field (e.g., allergy/immunology specialist). For those not able to receive vaccination, anti-viral prophylaxis may be warranted, especially among those at high risk of exposure and severe disease. Additionally, those exposed and not vaccinated or those who may not have generated an adequate post-vaccination response (e.g., CD4 count \<200 cells/mm^3^) should be considered for antiviral prophylaxis (e.g., with oseltamivir). Finally, vaccinating close contacts to reduce the possibility of influenza exposure is recommended.

Pneumococcal {#Sec5}
------------

HIV-infected persons have been recognized to be at risk for pneumococcal disease since the beginning of the epidemic \[[@CR52]\] and continue to have an elevated risk (20- to 40-fold higher) despite the use of ART \[[@CR1], [@CR53]--[@CR55]\]. The elevated risk is due to immunodeficiency as well as the concurrent high rate of adverse health behaviors (smoking, drug use) in this population. Infections caused by *Streptococcus pneumoniae* include invasive disease (e.g., meningitis, bacteremia) and pneumonia. There are currently two main types of pneumococcal vaccination---the polysaccharide pneumococcal vaccine (PPV), which contains 23 serotypes (covering \~85% to 90% of the strains leading to invasive disease), and the conjugate pneumococcal vaccine (PCV) containing up to 13 serotypes depending on the valency (the same serotypes are also included in PPV except 6A).

The current WHO guidelines (published in 2012) do not recommend PPV for HIV-infected adults residing in resource-limited settings given competing health priorities and a low level of evidence to support its use in this setting (Table [1](#Tab1){ref-type="table"}) \[[@CR7]\]. The conjugate vaccine, PCV, is not discussed in the WHO guidelines for HIV-infected adults \[[@CR7]\]; however, recommendations were published prior to the availability of several studies regarding this vaccine in adults.

British and US guidelines \[[@CR8]--[@CR11], [@CR13]\] recommend pneumococcal vaccination among HIV-infected adults, although the type and number of vaccinations differ by guideline (Table [1](#Tab1){ref-type="table"}). The BHIVA guidelines recommend that HIV-infected adults receive 1 dose of PCV given its proven immunogenicity and efficacy in HIV-infected persons \[[@CR8]\]. This recommendation is largely based on a randomized, double-blind, placebo-controlled trial (using PCV-7) among HIV-infected adults in Malawi, which showed a 74% efficacy against vaccine-type invasive pneumococcal disease, with good efficacy even at CD4 counts \<200 cells/mm^3^ \[[@CR56]\]. Hence, BHIVA guidelines recommend a single dose of PCV among HIV-infected adults irrespective of CD4 count, HIV viral load, or ART use. The BHIVA currently recommends PPV only among HIV-infected persons who are \>65 years or among younger adults with a concurrent comorbidity (e.g., asplenia) requiring vaccination based on the national program recommendations. This represents a change from the prior BHIVA guideline in 2008 that had recommended PPV for all HIV-infected adults. When both PPV and PCV vaccines are administered, BHIVA guidelines recommend that doses be separated by at least 3 months. Repeat doses of either vaccine (PCV or PPV) are not currently recommended \[[@CR8]\]. Similar to the BHIVA guidelines, the EACS guidelines also recommend a dose of PCV-13 instead of PPV and state no recommendations for booster doses \[[@CR12]\]. The French guidelines differ by advising both vaccines with an initial dose of PCV followed by PPV at least 2 months later; among those already having received PPV, at least 3 years should elapse, and then administering PCV followed by PPV 2 months later is recommended \[[@CR14]\].

US recommendations advise the administration of both PPV and PCV among HIV-infected adults regardless of concurrent comorbidities. PCV (i.e., Prevnar-13^®^) is recommended at HIV diagnoses regardless of CD4 count \[[@CR9]--[@CR11], [@CR13]\]. The use of PCV as the initial vaccination is based on its excellent priming ability and efficacy \[[@CR56]\]. The continued recommendation for PPV among HIV-infected adults is based on the additive risk that HIV conveys for the development of invasive pneumococcal disease, studies that show PPV reduces pneumococcal bacteremia and death \[[@CR55], [@CR57], [@CR58]\], and the additional serotypes covered compared with PCV-13. This recommendation is also supported by studies showing that a PCV prime followed by a PPV boost strategy may enhance both the breadth and magnitude of antibody responses among HIV-infected adults \[[@CR59], [@CR60]\], although the clinical impact of this strategy remains unclear \[[@CR61], [@CR62]\]. Overall, US guidelines recommend PCV followed by PPV administered ≥8 weeks later in pneumococcal vaccine-naïve persons. The delay in the timing between the vaccinations is to reduce hyporesponsiveness \[[@CR30], [@CR59], [@CR61]\]. Since HIV-infected persons with CD4 counts \<200 cells/mm^3^ may have poorer vaccine responses to PPV, vaccination can be deferred until the CD4 count is ≥200 cells/mm^3^ if ART will be initiated soon \[[@CR10]\]; alternatively, if administered before immune reconstitution, revaccination may be offered after a CD4 count \>200 cells/mm^3^ has been achieved \[[@CR13]\]. Revaccination with PPV is also recommended at 5 years after the initial PPV dose and then again at age ≥65 years (≥5 years should separate each PPV dose). If a newly diagnosed HIV-infected adult has already received PPV, a single dose of PCV is administered ≥1 year after the last PPV dose and then another PPV dose ≥5 years after the initial PPV vaccination \[[@CR9], [@CR63]\]. Although US guidelines recommend repeated PPV doses, it only recommends a single dose of PCV.

The divergent guidance regarding pneumococcal vaccination by various advisory groups is likely reflective of the timing of the publication of each guideline, the pros and cons of each type of vaccine (e.g., PCV has improved immunogenicity, but covers fewer serotypes), the paucity of large, randomized clinical efficacy studies on pneumococcal vaccinations among HIV-infected adults, and divergent results from studies conducted in the developed vs. developing world. For example, PPV efficacy is mainly based on observational data that have shown divergent results \[[@CR55], [@CR57], [@CR64]--[@CR66]\], and a randomized, double-blind, placebo-controlled trial in Uganda found a higher risk of pneumonia following PPV administration in HIV-infected adults not receiving ART \[[@CR67]\] (although additional follow-up noted a decrease in all-cause mortality post-vaccination) \[[@CR58]\]. Further, there are no current head-to-head trials comparing PPV with PCV among HIV-infected adults. A recent systematic review of the existing data (including 1 randomized trial and 15 observational studies) in HIV-infected adults concluded there was moderate evidence to support PPV use \[[@CR68]\]. In summary, the US and French guidelines currently recommend both PPV and PCV in distinction to the WHO, BHIVA, and EACS guidelines. Even though the former approach may provide the most anti-pneumococcal protection to HIV-infected persons if doses are appropriately sequenced, the overall cost-effectiveness and efficacy compared with simpler strategies (i.e., a single PCV dose) remain unclear.

Updates to current pneumococcal vaccine guidelines are anticipated as further data on vaccine efficacy become available as well as the patterns of disease and causative serotypes change over time. For example, since the introduction of PCV among infants is associated with herd protection, a shift of invasive infections due to replacement strains (not contained in PCV) is emerging \[[@CR69]\]. As such, surveillance data on the serotypes causing disease among HIV-infected adults in diverse geographic locations are needed to inform future vaccine guidelines. Further, a conjugate vaccine containing additional serotypes (beyond those in PCV-13) is desirable, but not yet available.

Regarding PPV23 immunogenicity, data have shown reduced immune responses to PPV among HIV-infected persons compared with HIV-uninfected persons, with some studies demonstrating poorer responses at lower CD4 counts \[[@CR70], [@CR71]\]. Regarding efficacy, observational studies have shown varying results with a 20--79% effectiveness of PPV for preventing invasive disease and 20--35% for pneumonia \[[@CR8]\], although some studies have shown no benefit. As noted above, a review found moderate evidence for a reduced risk of invasive disease after PPV administration among HIV-infected adults \[[@CR68]\], although further data on clinical efficacy are needed.

Due to concerns regarding the limited durability of immune responses after PPV among immunosuppressed persons \[[@CR72]\], revaccination with a second dose of PPV at 5 years has demonstrated increased antibody responses, although the magnitude and breath of responses were reduced compared with those originally observed after the first dose \[[@CR73]\]. Although immunogenicity studies have been performed, we are unaware of any clinical efficacy data to support the use of repeated PPV doses among HIV-infected adults. Hence, whether repeated PPV vaccinations are clinically beneficial and the ideal timing for revaccination remain unknown. At this time, US guidelines recommend PPV vaccination with a booster at 5 years and again at age 65 years (assuming 5 years has elapsed from the prior dose) for a total of three doses over time, but BHIVA and EACS guidelines do not recommend doses (either initial or booster) of PPV for HIV-infected adults without additional indications (beyond HIV infection alone).

Regarding PCV immunogenicity, HIV-infected persons generate reduced antibody levels compared with HIV-uninfected persons after vaccination \[[@CR74], [@CR75]\], similar to those noted for PPV. Regarding efficacy, as noted above, a randomized trial demonstrated a 74% efficacy at reducing invasive disease \[[@CR56]\]. Although this trial utilized two doses of PCV, the additional dose may provide little, if any, additional benefit \[[@CR76], [@CR77]\]. BHIVA, EACS, French, and US guidelines \[[@CR8]--[@CR10], [@CR12]\] recommend a single dose of PCV among HIV-infected adults; no additional PCV doses are recommended by any guideline.

Both PPV and PCV have shown no serious safety concerns, with the most common reported adverse event of local reactions, with fevers or myalgias reported in \<1%. Some data suggest more local pain at the injection site after PCV vaccination than after PPV, perhaps given the greater immunogenicity of the former vaccine \[[@CR61], [@CR78]\].

Hepatitis B Virus {#Sec6}
-----------------

HBV is important among HIV-infected persons given the viruses' shared routes of transmission. Additionally, HIV-infected persons have both a higher risk of HBV infection after exposure and an increased risk for progression to cirrhosis and HBV-related complications after infection \[[@CR3], [@CR79]\]. Further, chronic HBV infection is associated with poorer HIV outcomes, with a nearly two-fold higher risk of AIDS and/or death \[[@CR80], [@CR81]\].

All guidelines included in this review recommend that non-immune HIV-infected persons be vaccinated against HBV (Table [2](#Tab2){ref-type="table"}). This is because vaccination has been shown to reduce the risk of both newly acquired HBV infections and the development of chronic infections among those newly infected \[[@CR82]\].

Testing for HBV infection and immunity is recommended among HIV-infected adults. In resource-limited settings, testing prior to vaccination can be deferred if not available \[[@CR7]\]. Although the exact tests to evaluate for HBV immunity vary by guideline, obtaining hepatitis B surface antigen (HBsAg), antibody to hepatitis B core antigen (anti-HBc), and antibody to hepatitis B surface antigen (anti-HBs) provides the most complete picture of HBV status \[[@CR10]\]. The presence of anti-HBs at levels of ≥10 mIU/ml is consistent with seroprotection, and vaccination is not required. Some people have an isolated positive anti-HBc (HBsAg negative and anti-HBs negative). This pattern represents: (1) a false positive test, (2) a resolved infection with waning anti-HBs over time, or (3) a chronic HBV infection with an undetectable HBsAg. The latter group may have chronic inactive infection (HBV DNA is undetectable) or 'occult' infection (HBV DNA is detectable). Among those with an isolated anti-HBc, testing for HBV DNA is recommended by the US guidelines and, if negative, then the HBV vaccine series administered \[[@CR13]\]. The BHIVA guidelines suggest administration of a single dose of vaccine rather than DNA testing to evaluate for an anamnestic response, and if a response is detected (anti-HBs ≥10 mIU/ml), no further vaccination is needed; if the anti-HBs are \<10 mIU/ml, then completion of a series is advised \[[@CR8]\]. Of note, studies among HIV-infected persons with an isolated anti-HBc have generally shown a low rate of anamnestic responses, suggesting that a full vaccine series is often needed \[[@CR83], [@CR84]\]. The French guidelines are similar to the BHIVA guidelines \[[@CR14]\]. Contrary to the US and BHIVA guidelines, the EACS guidelines currently state that given the lack of data on the impact of immunization in isolated anti-HBc positive persons, vaccination is not presently recommended for this group \[[@CR12]\].

Among HIV-infected adults requiring vaccination, the WHO guidelines recommend the use of standard dosing (20 mcg) with either a schedule of 0, 1, and 6 months or 0, 1, 2, and 12 months for those with a CD4 count \>500 cells/mm^3^ \[[@CR6]\]. Those with lower CD4 counts (200--500 cells/mm^3^) are advised to receive the latter more intensive schedule. The WHO recommends deferring vaccination among those with a CD4 count \<200 cells/mm^3^ until ART has been started, and the CD4 count has risen to \>200 cells/mm^3^. These recommendations are based on studies showing a strong association between pre-vaccination CD4 counts and ART use on post-vaccine immune responses \[[@CR85], [@CR86]\]. If a person does not respond to vaccination (anti-HBs \<10 mIU/ml measured ≥4--8 weeks after the series), then booster doses or initiation of a new vaccination series using higher doses (40 mcg) in a four-dose series is advised; of note, varying strategies have been cited in different WHO protocols \[[@CR6], [@CR7], [@CR87]\].

The BHIVA recommends that non-immune persons receive a non-adjuvanted vaccine (e.g., Engerix B^®^ or HBvaxPRO^®^) at a dose of 40 mcg or an adjuvanted vaccine (i.e., Fendrix^®^) at a 20 mcg dose \[[@CR8]\]. Each are recommended as a four-dose series (0, 1, 2, and 6 months). An ultra-rapid course \[using 3 standard doses (not higher doses given lack of data) over 3 weeks\] can be considered if there is an urgency to ensure rapid completion of the series, but is not recommended among those with CD4 counts \<500 cells/mm^3^. For those not responding to the initial series, three more doses are recommended (Engerix B^®^, HBvaxPRO^®^, or Fendrix^®^ with a slight preference for Fendrix^®^) \[[@CR88]\] with doses given at monthly intervals. Among non-responders to the initial series with low CD4 counts, delaying the revaccination series until a CD4 count of \>350 cells/mm^3^ and viral load suppression on ART have been achieved can be considered. Finally, those with a low protective level after the initial series (defined as ≥10, but \<100 mIU/ml) are to be offered a single dose booster based on data showing that this group will have a titer \<10 mIU/ml in the near future \[[@CR89]\]. Similarly, the EACS and French guidelines recommend vaccination among those without anti-HBs \[[@CR12], [@CR14]\]. The EACS suggests that among initial non-responders, re-vaccination should be considered using the double-dose vaccine (40 mcg) at 3--4 time points (months 0, 1, 6, and 12) to help to improve response rates \[[@CR12]\]. The French guidelines recommend initial HBV vaccination using 40 mcg at four time points (0, 1, 2, and 6 months) and recommend that initial non-responders receive high-dose (40 mcg) vaccination every 1--2 months until a protective titer has been achieved, but without exceeding six injections in total \[[@CR14]\]. Further guidance is based on national guidelines \[[@CR12]\].

In the US, Engerix-B^®^ (20 mcg/ml) or Recombivax HB^®^ (10 mcg/ml) as a three-dose series (0, 1, and 6 months) or Engerix-B^®^ (40 mcg/ml) or Recombivax HB^®^ (20 mcg/ml) as a four-dose (0, 1, 2, and 6 months) series is recommended. Guidelines have increasingly recommended higher doses of HBV vaccine among immunosuppressed persons including those with HIV \[[@CR10], [@CR13]\]. Similar to other guidelines, seroprotection should be measured 4 weeks after the initial vaccine series, and those with anti-HBs \<10 mIU/ml should be revaccinated with a second series with advisement for the higher dose series (e.g., 40 mcg/ml Engerix-B^®^ at 0, 1, 2, and 6 months). In addition, consideration for delaying the revaccination series until CD4 count improvement and ART receipt is suggested, but must be balanced with data suggesting that a longer time to revaccination may predict non-response to the second series \[[@CR90]\] and that they may be at risk for newly acquired HBV infection.

Regarding HBV vaccine interruption, a real-life situation given the need for multiple vaccine doses over a 6-month period, the vaccine series can simply be resumed. The use of tracking and electronic (including text) reminders may be useful for ensuring series completion \[[@CR91]\].

Regarding vaccine immunogenicity, seroprotective HBV vaccine responses are lower among HIV-infected compared with HIV-uninfected persons, with rates of 18--71% and 60--95%, respectively \[[@CR11], [@CR92]--[@CR96]\]. Patients vaccinated prior to HIV infection have seroprotective responses similar to HIV-uninfected persons \[[@CR97]\], suggesting that completion of the vaccine series prior to HIV infection is optimal. Among those already HIV-infected, receiving at least three doses, not using the accelerated schedule, higher CD4 counts, lower HIV viral loads, and receipt of ART have been associated with improved post-vaccination responses \[[@CR85], [@CR98], [@CR99]\].

Given the lower seroconversion rates among HIV-infected persons, higher doses of HBV vaccine (40 vs. 20 mcg/ml) for the initial vaccine series have been advocated. For example, HIV-infected persons randomized to a standard dose (20 mcg/ml) vs. double dose (40 mcg/ml) of recombinant hepatitis B vaccine found seroconversion rates of 34% vs. 47%, respectively (*p* = 0.07) \[[@CR100]\]. Interestingly, higher seroconversion rates were noted among those with CD4 counts ≥350 cells/mm^3^, but not with lower CD4 counts. In another study, the percentage of responders was 82% in the group receiving 40 mcg/ml (using a 4-dose vaccine series) and 65% in the 20 mcg/ml group (using a 3-dose vaccine series) (*p* \< 0.001) \[[@CR101]\]. Finally, a meta-analysis including five clinical studies (*n* = 883 HIV-infected persons, most of whom were vaccine naïve) found a significant increase in response rates using the higher dose vaccine (OR 1.96, 95% CI 1.47--2.61) \[[@CR102]\].

Response rates to a second vaccine series vary, but have been reported as 36--85% \[[@CR98], [@CR103], [@CR104]\]. Since vaccine response rates are correlated with the immunocompetence of the host, some experts suggest delaying the second vaccine series until receipt of ART and achievement of a higher CD4 count. Some, but not all, studies have found superior response rates for high-dose versus standard-dose revaccination series \[[@CR105]--[@CR107]\]. Importantly, persons who were non-responders to primary vaccination series but who responded to revaccination lost protective anti-HB concentrations faster than those who responded after the first vaccination cycle; hence, this group may benefit from closer follow-up evaluations of protective anti-HB levels \[[@CR103], [@CR108]\]. Overall, the varying guidelines' recommendations exemplify the less than ideal vaccine responses and somewhat conflicting data for the best approaches for HBV vaccination among HIV-infected persons; however, all guidelines recommend vaccination in an effort to protect non-immune persons.

Among those who receive a second vaccine series, a post-vaccination level should again be measured 4--8 weeks after the series per all the guidelines; among those who still do not have an anti-HBs \>10 mIU/ml, the benefit of additional doses is unclear, and they are generally not recommended. These persons should be advised of their risk for HBV infection and counseled on appropriate precautions. In addition, those who do not respond to the revaccination series should be tested for HBsAg to exclude chronic infection. Some guidelines (e.g., BHIVA, WHO) also recommend annual HbsAg testing \[[@CR8]\], or HbsAg and anti-HBc testing \[[@CR6], [@CR87]\], among non-responders to evaluate for potential newly acquired HBV infections over time. Of note, HIV-infected persons receiving antiretroviral therapy with tenofovir (either TDF or TAF), emtricitabine, or lamivudine may have additional protection against HBV infection given the anti-HBV activity of these agents \[[@CR82], [@CR109], [@CR110]\].

The durability of the immune responses after HBV vaccination and the significance of seroreversion remain important questions. In the general population, initial vaccine responses appear to predict life-long HBV immunity, and retesting is generally not recommended \[[@CR111]\]. Although few data exist among HIV-infected persons, the anti-HBs level measured 4 weeks after vaccine series completion appears to predict the durability of seroprotection \[[@CR89], [@CR112]\]. For example, those with a level 10--100 mIU/ml, 100--1000 mIU/ml, and \>1000 mIU/ml had a mean time to loss of a seroprotective anti-HBs level of 2, 3.7, and 4.4 years, respectively, in one study \[[@CR112]\]. While US guidelines do not specifically recommend follow-up testing among vaccinees with an initial titer antiHBs \>10 mIU/ml \[[@CR10], [@CR13]\], the WHO, BHIVA, and French guidelines recommend regular testing of anti-HBs levels (e.g., every 1--4 years depending on the specific guideline and based on both the initial antibody level and HIV control over time) \[[@CR6], [@CR8], [@CR14], [@CR87]\]; of note, studies have found a relationship between suppressed HIV viral loads and improved anti-HB levels over time \[[@CR89], [@CR113]\]. Those whose anti-HBs level becomes \<10 mIU/ml are recommended to receive a booster dose \[[@CR6], [@CR8], [@CR14]\].

HBV vaccines are considered safe with the most common side effect being local site reactions. Studies have found significantly higher rates of local adverse reactions \[[@CR107]\] and pain at the injection site with high dose (40 mcg) compared to standard dose (20 mcg) \[[@CR114]\].

Tetanus, Diphtheria, and Pertussis {#Sec7}
----------------------------------

Since these diseases do not have elevated incidence rates and are not known to be associated with poorer outcomes among HIV-infected adults, vaccination recommendations mirror those for the general population. All major guidelines advise receipt of these vaccinations among HIV-infected adults stating that the primary doses are generally given during infancy, with boosters administered periodically to adults over time (Table [1](#Tab1){ref-type="table"}). Specific guidance regarding those with an unknown or incomplete receipt of the primary series is addressed in each guideline \[[@CR6]--[@CR9]\].

For those having received the primary vaccination series, WHO recommends tetanus toxoid (TT) and/or tetanus-diphtheria (Td) vaccines given to HIV-infected adults using the same schedule and doses as for HIV-uninfected persons \[[@CR6]\]. The guidelines stress the importance of vaccination especially among illicit drug users to prevent tetanus, especially in areas without needle exchange programs. Tdap vaccination is not specifically mentioned in the context of HIV-infected adults, but is recommended among pregnant women (during the 2nd or 3rd trimesters) and for healthcare workers caring for those at risk for disease (e.g., infants).

The BHIVA guidelines recommend giving a Td booster every 10 years, especially among those at risk for exposure (e.g., travel to an area where post-exposure prophylaxis would be difficult to receive after a tetanus-prone injury), among those who received the full primary vaccination series (5 doses) \[[@CR8]\]. Among those \>50 years, shortening the interval for booster doses to every 5 years is suggested. Regarding pertussis, BHIVA recommends following the national guidelines, which currently recommend pertussis vaccination (e.g., Boostrix^®^) among pregnant women (28--32 weeks) and during an outbreak. Vaccination among those meeting indications is advised regardless of the CD4 count, HIV viral load, or ART use \[[@CR8]\]. There are no specific EACS guidelines as HIV-infected persons should follow country guidance \[[@CR12]\]. Similarly, French guidelines recommend following national vaccination recommendations including the administration of dTP boosters every 10 years without altered schedules among HIV-infected persons \[[@CR14]\].

The US guidelines similarly recommend that previously vaccinated HIV-infected adults receive booster doses of Td every 10 years \[[@CR9]\]. A single dose of Tdap (tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis; Boostrix^®^ or Adacel^®^) is advised to replace a dose of Td if the person has not previously received Tdap. Additionally, HIV-infected adults who become pregnant should receive Tdap during each pregnancy (at 27--36 weeks). Also, HIV-infected adults caring for infants aged less than 12 months (at work or home) should also be considered for Tdap vaccination \[[@CR9]\].

Compared with HIV-uninfected adults, studies have shown lower antibody responses after tetanus and diphtheria vaccination among HIV-infected persons \[[@CR30], [@CR115], [@CR116]\]. For example, one study showed protective antibodies among 83--100% and 61--73% for tetanus and diphtheria, respectively, with variation by CD4 counts \[[@CR115]\]. Durability is poorly studied, but a study among HIV-infected children found that response rates after tetanus vaccination waned quickly \[[@CR117]\], raising the question whether Td boosters every 10 years are adequate. Further, seroprotective responses among older adults may be suboptimal \[[@CR118]\]; hence, the BHIVA guidelines recommend considering more frequent booster dosing among those \>50 years \[[@CR8]\]. There are no current data regarding responses to the pertussis vaccination among HIV-infected adults, but antibody titers are lower than expected among HIV-infected children \[[@CR119]\].

Vaccination is overall safe with no increased adverse events noted among HIV-infected adults.

Inactivated Vaccines for HIV-Infected Adults who Have Additional Risk Factors or Specific Age Groups {#Sec8}
====================================================================================================

Hepatitis A Virus {#Sec9}
-----------------

HIV-infected adults who are illicit drug users and men who have sex with men (MSM) are at risk for HAV infection \[[@CR120], [@CR121]\]. The presence and severity of symptomatic HAV infection increases with age; however, HIV infection per se does not predict a more severe course, although prolonged viremia has been described \[[@CR120], [@CR122]\].

Guidelines recommend HAV vaccination among non-immune HIV-infected persons who have specific risks such as drug use (both injection and non-injection) and among MSM \[[@CR8], [@CR9], [@CR14]\]. In addition, those traveling to countries endemic for the disease and potential household or occupational exposures are also mentioned in some of the guidelines (Table [3](#Tab3){ref-type="table"}). Recent guidelines from the HIV Medicine Association of the Infectious Diseases Society of America also recommend considering vaccination for all nonimmune HIV-positive persons regardless of risk factors \[[@CR13]\]; however, other guidelines (e.g., BHIVA, WHO, and the US CDC) do not contain this specific recommendation \[[@CR6]--[@CR9]\].

Prevaccination screening for HAV IgG to determine whether a person is already immune can be considered. Its cost effectiveness is based on the existence of risk factors for prior HAV infection such as being born or living for extensive periods in areas of high endemicity and those \>50 years \[[@CR8]\]. Prior infection confers lifelong protection, and vaccination is not needed in this group.

WHO guidelines recommend a two-dose vaccine series given at 0 and 6--12 months \[[@CR6]\] among HIV-infected persons who are in one or more of the following risk groups: MSM, drug users, chronic liver disease (such as HCV and HBV-coinfected), clotting factor disorders, occupational risks, or traveling to a country with high or intermediate risk of HAV infection. For the HIV-infected person, the use of the inactivated (vs. live) vaccine is recommended. While post-vaccination testing is not recommended given the vaccine's excellent immunogenicity and durability in the general population, the guideline does not specifically address post-vaccination testing and repeat doses for the HIV-infected adult.

The BHIVA guideline recommends HAV vaccination among those with risk factors of HAV acquisition. These are similar to the WHO guidelines, although BHIVA does not mention chronic liver disease, but does additionally include household or sexual contacts of infected persons, individuals at risk of infection during outbreaks, and persons with special needs living in residential institutions \[[@CR8]\]. A two-dose vaccine series at 0 and 6 months is advised for those with a CD4 count \>350 cells/mm^3^ and a three-dose series at 0, 1, and 6 months for those with a CD4 \<350 cells/mm^3^. The reason for this recommendation is the poorer vaccine responses at lower CD4 counts and studies showing improved seroconversion rates and higher antibody titers using the three-dose strategy \[[@CR123], [@CR124]\]. Additionally, they recommend using the monovalent vaccine (rather than the combined HAV/HBV vaccine) because of superior responses noted in at least one study \[[@CR125]\] and because the combination vaccine typically contains only 720 ELISA units of HAV antigen (versus 1440). The BHIVA guidelines recommend that if the risk factor for HAV persists, persons should be revaccinated with a single dose of the HAV vaccine every 10 years, although evidence for this recommendation is limited \[[@CR8]\]. Similarly, the EACS and French guidelines recommend vaccination of HIV-infected persons based on their risk profile (e.g., MSM, travel, IVDU, active hepatitis B or C infection) if anti-HAV IgG seronegative \[[@CR12], [@CR14]\]. The French guidelines recommend administering two doses (0, 6--12 months) and, if the post-series titer is \<20 mIU/ml, then a third dose is given \[[@CR14]\].

In the US, non-immune persons at risk for HAV infection (similar to risk factors noted above) should receive a two-dose series (Havrix^®^ at 0 and 6--12 months or Vaqta^®^ at 0 and 6--18 months) \[[@CR9]\]. Unlike the other guidelines, the US CDC recommends that the antibody response (total or IgG anti-HAV) be assessed 1 month after completion of the series and, if negative, revaccination provided preferably after the CD4 count is \>200 cells/mm^3^ \[[@CR10]\]. Monitoring antibody levels over time for vaccine seroprotection durability is not mentioned in the current US guidelines.

Regarding vaccine immunogenicity, seroresponses post-vaccination are lower among HIV-infected persons compared with HIV-uninfected persons in whom \~95% respond \[[@CR126]\]. While the majority of HIV-infected adults develop antibody responses to HAV vaccination, overall seroconversion rates are 50--96% and vary by CD4 count \[[@CR123], [@CR126]--[@CR131]\]. For example, in a study of early diagnosed HIV-infected persons, those with a CD4 cell count ≥300 cells/mm^3^ had a seroconversion rate of 100% vs. 87% among those with a CD4 count of \<300 cells/mm^3^ \[[@CR131]\]. The use of an accelerated (0, 7, 21 days, and 6 months) vs. standard dosing (0, 6 months) schedule also is associated with poorer immune responses \[[@CR128]\].

To potentially improve vaccine responses in HIV-infected adults, one study examined three vs. two doses with seroconversion rates (defined as an anti-HAV antibody ≥20 mIU/ml) of 83% and 69%, respectively (*p* = 0.13) \[[@CR123]\]. In addition, a study that followed anti-HAV antibody titers over 5 years in HIV-positive persons noted that three- versus two-dose series resulted in higher antibody titers and more durable responses over time \[[@CR132]\]. Given the overall paucity of data in this area, only BHIVA currently recommends the three-dose series among those at risk for poor vaccine responses (CD4 count \<350 cells/mm^3^) \[[@CR8]\]. The US guidelines address this concern by advocating for checking the post-vaccination HAV IgG antibody levels among HIV-infected persons and revaccinating if needed \[[@CR10], [@CR13]\].

Regarding the durability of HAV vaccine responses, one study showed that 85% of HIV-infected adults maintained a seropositive response at 6--10 years after a two-dose vaccine series \[[@CR133]\], while another study showed 76% had seropositive responses at 5 years \[[@CR130]\]. To date, there are no uniform guidelines regarding monitoring anti-HAV levels over time. Regarding revaccination with additional HAV vaccine doses over time among HIV-infected adults, the BHIVA recommends every 10 years among those remaining at risk, but data are limited to support this recommendation \[[@CR8]\].

HAV vaccination has been found to be safe. Adverse events are typically minor with local site reactions being commonly reported followed by mild systemic side effects including self-limited headache and fever \[[@CR131]\].

Human Papillomavirus (HPV) {#Sec10}
--------------------------

HPV is the most common sexually transmitted infection (STI) in the world. There are over 150 HPV types with HPV 6 and 11 accounting for 90% of genital warts and HPV 16 and 18 for \>60% of associated cancers in the general population. HIV-infected persons have an elevated risk of HPV infections and persistence as well as the subsequent development of HPV-related cancers (e.g., cervical, anal) \[[@CR4], [@CR5]\]. For example, HIV-infected MSM have an anal cancer incidence of 131/100,000 vs. 46/100,000 in non-MSM HIV-infected men and 2/100,000 in HIV-negative men \[[@CR134]\]. Despite the use of ART, a higher risk for HPV-related disease persists \[[@CR134]\]. As such, HIV-infected adolescents and adults, especially MSM, are important target groups for vaccination. In spite of the high occurrence of HPV and sequelae in the MSM population, there is a general lack of knowledge regarding the importance of HPV vaccination in this group. Opportunities to optimize HPV vaccination by improving awareness through public health campaigns and bundling of HPV vaccination with other health visits are advocated \[[@CR135], [@CR136]\].

The optimal timing of HPV vaccination is prior to sexual debut as the HPV vaccine is designed to prevent initial HPV infection. Nonetheless, a sizable proportion of HIV-infected persons may benefit from vaccination especially when considering all serotypes contained within the newer vaccines. A cross-sectional study in HIV-infected men and women (median age of 47 years) found that 73% were infected with at least one HPV vaccine type (HPV 16: 64%; HPV 6: 39%; HPV 18: 31%; HPV 11: 8%); however, most had not been exposed to all currently available vaccine serotypes \[[@CR137]\]. Since rates of concurrent HPV infections vary by age, gender, sexual history, and geographic region, population-specific data are needed to inform vaccine guidance.

There are three available vaccines: a bivalent vaccine, Cervarix^®^, which has coverage against two high-risk HPV serotypes (HPV 16 and 18); a quadrivalent vaccine, Gardasil-4^®^, which protects against four serotypes (HPV 6, 11, 16, and 18); a nine-valent vaccine (Gardasil-9^®^), which also covers 31, 33, 45, 52, and 58 (covering an additional 14% of female cancers and 4% of male cancers) \[[@CR10]\]. Cervarix^®^ is approved for women, while Gardasil-4^®^ and Gardasil-9^®^ are approved for both men and women. Vaccines are administered at 0, 1--2, and 6 months, and the series can simply be continued if interruption occurs. Recent data suggest that vaccination in the general population can be given as a two-dose series (0 and 6 months) if begun before age 15 years, but data for this strategy among HIV-infected persons are lacking; hence, a three-dose series is recommended for this group. It is not necessary to screen for HPV infection prior to vaccination, and a history of genital warts, abnormal cytology, or positive HPV DNA test results is not a contraindication to vaccination.

The WHO recommends targeted HPV vaccination for young females (9--13 years of age) regardless of HIV status (Table [3](#Tab3){ref-type="table"}) \[[@CR7]\]. If resources allow, vaccination of older adolescent and young women is advised, with additional coverage of males thereafter. Among HIV-infected persons, guidelines recommend using a three-dose schedule (0, 1--2, and 6 months). Vaccination is advised irrespective of receipt of ART.

The BHIVA guidelines recommend HPV vaccination for HIV-infected men and women ages 9--26 years, mirroring general population guidelines \[[@CR8]\]. They also recommend vaccination up to the age of 40 years among HIV-positive MSM and HIV-positive women, albeit at a lower level of evidence rating. A recent study found that vaccinating HIV-infected MSM up to the age of 40 years is cost-effective \[[@CR138]\]. HPV vaccination can be given regardless of HIV control status, but may be deferred among those with a CD4 count \<200 cells/mm^3^ until after ART initiation. The guideline states a preference for Gardisal-9^®^ if available given its more extended serotype coverage. Regarding the number of doses, BHIVA recommends continuing to utilize the three-dose vaccine series among HIV-infected persons given the current lack of data for fewer doses in this population. Finally, vaccination is also recommended for HIV-infected persons with a history of high-grade HPV disease given evidence that vaccination may reduce the risk of future recurrences \[[@CR139]\]. EACS do not have specific guidelines for HIV-infected persons \[[@CR12]\]. The French guidelines recommend HPV vaccination (3-dose schedule at 0, 2, and 6 months) among females and males (quadrivalent formulation specifically recommended for males) aged 11--19 years and MSM who are ≤26 years, similar to US guidelines \[[@CR14]\].

In the US, HPV vaccination is recommended for HIV-infected persons (male and female) aged 9--26 years using a three-dose series \[[@CR9]\]. The higher valency vaccines are preferred to cover additional serotypes \[[@CR13]\]. The vaccine can be administered regardless of CD4 count or HIV viral load. No recommendations have been made regarding vaccinating older (i.e., \>26 years) HIV-infected adults.

Immunogenicity studies among HIV-infected persons are becoming increasing available for both men and women of a variety of ages \[[@CR140]--[@CR146]\]. For example, in a study of adult HIV-infected men, seroconversion rates of ≥95% were found for each of the four main HPV types (HPV 6, 11, 16, and 18) \[[@CR141]\]. In a study of HIV‐infected women aged 13--45 years, seroconversion 4 weeks after the third dose of the quadrivalent vaccine containing types 6, 11, 16, and 18 was 96, 98, 99, and 91%, respectively, at CD4 count \>350 cells/mm^3^; 100, 98, 98, and 85%, respectively, at CD4 count 201--350 cells/mm^3^; 84, 92, 93, and 75%, respectively, at CD4 count ≤200 cells/mm^3^ \[[@CR143]\]. Another study evaluated HIV-positive women (aged 15--66 years old) who received three doses of the quadrivalent vaccine and found seroconversion rates at month 24 to be 93, 94, 98, and 67% for HPV types 6, 11, 16, and 18, respectively \[[@CR146]\]. Overall, post-vaccination responses are excellent among HIV-infected persons, albeit slightly lower than HIV-uninfected comparators with seroconversion rates 1 month after administration of the third vaccine dose, being 85% in the HIV-infected and 91% in the HIV-uninfected group (*p* = 0.52) \[[@CR145]\]. Studies generally have shown that post-vaccination seroconversion rates and geometric mean titers post-vaccination are higher than after natural infection and are improved among those with high CD4 counts, suppressed HIV viral loads, and ART use \[[@CR143]\]. HPV vaccination has excellent efficacy in preventing clinical disease (intraepithelial neoplasia, Pap abnormalities, and genital warts) in the general population \[[@CR147], [@CR148]\], but data on its clinical efficacy are currently lacking among HIV-infected persons. Regarding durability, protection is maintained for at least 10 years among HIV-uninfected persons; however, data among HIV-infected persons are needed. As universal early adolescent HPV vaccination is being rolled out in many countries (e.g., the US, Australia, and many European countries), data on the need and timing of boosters among adults, including those with HIV infection, are recommended.

The vaccine is generally safe and well tolerated. The most common side effect reported is local pain, and the most frequent systemic side effect is headache \[[@CR145]\]. A double-blind, controlled trial that randomized HIV-positive adults to receive three doses of Cervarix^®^ or Gardasil^®^ found mild infection site reactions to be more common in the Cervarix^®^ group versus the Gardasil^®^ group (91% vs. 70%, *p* = 0.02) \[[@CR149]\]. Both the quadrivalent and nine-valent vaccines are contraindicated in those with a history of immediate hypersensitivity to yeast. HPV vaccination is generally avoided during pregnancy; however, data to date do not suggest adverse outcomes \[[@CR150]\], and pre-vaccination pregnancy testing is not advised among women who are not known to be pregnant per the US guidelines \[[@CR9]\].

Meningococcal {#Sec11}
-------------

Invasive meningococcal disease among HIV-infected persons has been recognized since the early epidemic \[[@CR151]\], with outbreaks among MSM in a variety of large cities including New York City, Los Angeles, and Berlin \[[@CR152]--[@CR154]\]. An epidemiologic study recently estimated the risk of invasive disease among HIV-infected persons as ten-fold higher compared with the overall general population, with the greatest risk among those with CD4 counts \<200 cells/mm^3^ \[[@CR155]\]. In addition to the higher risk for disease \[[@CR155], [@CR156]\], HIV-infected persons with meningococcal disease have a higher risk of death with a case-fatality ratio of 20% among HIV-infected compared with 11% among HIV-uninfected individuals \[[@CR157]\].

Available quadrivalent meningococcal vaccines include polysaccharide (Menomune^®^) and conjugate (Menactra^®^ and Menveo^®^) vaccines for protection against serogroups A, C, Y, and W. In addition, single serogroup vaccines are available such as MenC (Meningitec^®^, Menjugate^®^, NeisVac-C^®^) and MenA (MenAfriVac^®^). Most recently, serogroup B vaccines have become available including MenB-4C (Bexsero^®^) and MenB-FHbp (Trumenba^®^) given as two doses (Bexsero^®^ at 0 and ≥1 months apart; Trumenba^®^ at 0 and 6 months). Given the evolving epidemiology of meningococcal disease, updated national guidelines should be consulted for the most recent guidance.

WHO recommends that countries with high (\>10 cases/100,000 population/year) or intermediate endemic rates (2--10 cases/100,000 population/year) of invasive meningococcal disease and countries with frequent epidemics should introduce appropriate large-scale meningococcal vaccination programs (Table [3](#Tab3){ref-type="table"}). These are typically focused among infants and young children, but can be extended to young adults, as exemplified by the large-scale MenA vaccine (MenAfriVac^®^) campaigns in the meningitis belt of Africa. In countries where the disease occurs less frequently (\<2 cases per 100,000 population/year), vaccination is recommended for defined risk groups: those residing in closed communities (e.g., boarding schools or military camps); laboratory workers at risk of exposure to meningococcus; travelers to high-endemic areas; persons with immunodeficiency, including asplenia, terminal complement deficiencies, or advanced HIV infection. For each country, the choice of vaccine depends on the locally prevalent serogroup(s) of *N. meningitidis* with a preference for conjugate vaccine. The potential need for booster doses for long-term protection in adults is not specifically defined by current WHO guidelines, which note that further studies are needed to determine the frequency of repeated doses of vaccines among immunodeficient persons \[[@CR7]\].

BHIVA guidelines recommend using national guidelines to inform meningococcal vaccination among HIV-infected persons. Specifically, HIV-infected persons \<25 years of age not previously vaccinated, those with uncertain vaccine history, or who received the MenC at \<10 years of age should be vaccinated with MenACWY and possibly MenB. In addition, HIV-infected persons with a history of asplenia, complement deficiency disorders, or risk for exposure via travel or outbreaks should be vaccinated. Two doses of MenACWY given 2 months apart is recommended as well as revaccination every 5 years if the risk remains \[[@CR8]\]. Similarly, the EACS recommends vaccination as for the general population based on national guidance using a conjugate meningococcal vaccine (2 doses, 1--2 months apart) with boosters every 5 years if exposure continues; serotype B vaccination is not specifically mentioned \[[@CR12]\]. French guidelines recommend meningococcal C vaccination (2 doses given 6 months apart) for those ≤24 years of age or among those with additional risk factors similar to the general population. In addition, a single dose of meningococcal C vaccine is advised among previously unvaccinated MSM \>24 years, especially among those who frequent meeting places such as bars. The meningococcal B vaccine is not specifically recommended for HIV-infected adults \[[@CR14]\]. Finally, HIV-infected adults exposed to a person with the disease should be provided antibiotic prophylaxis and appropriate vaccination \[[@CR8]\].

In the US, guidelines have been recently updated to include HIV infection as an indication for MenACWY vaccination regardless of other specific indications \[[@CR9]\]. Vaccination is given as a two-dose series (2 months apart) of the conjugate quadrivalent vaccination (e.g., Menactra^®^, Menveo^®^), and revaccination is recommended every 5 years. Meningococcal B vaccination is not specifically recommended for HIV-infected adults unless additional risk factors for serogroup B disease are present, as meningococcal disease in HIV-infected US adults is mainly caused by serogroups C, W, and Y.

Regarding immunogenicity, HIV-infected compared with HIV-uninfected persons have poorer responses especially among those with more advanced disease; hence, HIV-infected persons are often advised to have two vaccine doses (vs. a single dose) to improve post-vaccination immune responses as recommended by some guidelines (BHIVA, US). For example, in a study of HIV-positive youth, after one dose of the meningococcal serogroup C conjugate vaccine, 72% of the HIV-infected group and 100% of the HIV-uninfected group were protected; an additional dose in HIV-infected persons increased the response rate to 81% \[[@CR158]\]. Regarding immune responses for each serogroup, the poorest responses are typically to serogroup C (seroconversion to A: 68%; C: 52%; Y: 73%; W: 63%); hence, a second dose may be especially important for protecting against disease from this serogroup \[[@CR158]--[@CR160]\]. Follow-up testing for post-vaccination immune responses is not currently recommended or widely available. Studies among HIV-infected persons are needed regarding clinical efficacy and durability as well as responses among older patients.

Regarding safety, no adverse signals have been reported among vaccinated HIV-infected persons.

Summary {#Sec12}
=======

Vaccination is a key component for preventing infectious complications among HIV-infected adults. Similar to the importance of ART and the achievement of robust immunologic responses in reducing subsequent infections, vaccines are also an essential component for ensuring the health of those living with HIV. Strategies to ensure vaccine coverage, for both the initial vaccination and subsequent boosters when applicable, are advocated. Since HIV-infected persons may have blunted post-vaccination immune responses and shorter durations of seroprotection, specific guidelines have been published to address these concerns. The current article serves to provide a concise summary of global and national recommendations for inactivated vaccinations among HIV-infected persons. While guidelines may contain varying vaccine recommendations for HIV-infected adults, this article serves to provide a concise summary of current recommendations in an effort to bolster strategies to protect HIV-infected adults from vaccine-preventable diseases.
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